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Nuclear statistics of dysprosium resonance parameters in the energy range 10 — 1000 eV
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1. Introduction

A resonance parameter analysis is often performed
in the Resolved Resonance Region (RRR) in order to
estimate the average level spacing, distribution of the
reduced widths and so on. Neutron Capture experiments
on dysprosium isotopes were performed at the electron
linear accelerator (LINAC) facility of the Rensselear
Polytechnic Institute (RPI) in the neutron energy region
from 10 eV to 1 keV. Resonance parameters were
extracted by fitting the neutron capture data using the
SAMMY multilevel R-matrix Bayesian code [1].

The resonance parameters of the dysprosium
isotopes have been analyzed in Reference [2, 3]. The
following nuclear statistics of the resonance parameters
will be discussed in this paper.

® Average level spacing,

® Porter-Thomas distribution for the reduced
neutron width,

® Neutron strength function
2. Experimental Setup and Data Reduction

A detailed description of the present measurement
and analysis is given in Reference [2, 3], so only a brief
description is given in the present paper.

The ~57 MeV electron beam which is produced by
the RPI LINAC impinges on a water-cooled tantalum
target while photo-neutron reactions happen and pulsed
neutrons are generated via the reactions. The details of
the experimental conditions such as neutron targets
overlap filters, pulse repetition rate, flight path length,
and channel widths are listed on reference [2]. More
information on the water-cooled tantalum target [4, 5],
the capture detector [6,7], the data acquisition system
[6,8], and sample information [2] were given elsewhere.

Data taking and data reduction technique for the
experiment at the RPI LINAC are described in
Reference [9]. The neutron energy at low energies

which are assumed non-relativistic energy is given by
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where E; is the neutron energy in eV, L is the flight-path

in m and t; is the arrival time of the neutron and (to,- tg)
is the time when the electron pulse impinges on the

(1)

target. t, is obtained by measuring the time gamma flash
is detected. tg is the flight time of gamma rays from the
neutron target to the detector.

The capture yield Y; in TOF channel i was calculated

by
C. - B.
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where C; is dead-time-corrected and monitor-
normalized counting rate of the sample measurement, B;
is  dead-time-corrected and  monitor-normalized
background counting rate, K is product of the flux
normalization factor and the detector efficiency g is
smoothed,  background-subtracted, and  monitor-
normalized neutron flux. The incident neutron flux
shape was determined by mounting a 2.54-mm-thick,
97.9 wt % enriched °B,C sample.

3. Data Analysis and results

Resonance parameters, neutron width I',, radiation
width I, and resonance energy Eo, were extracted from
the Dy capture and transmission data sets using the
SAMMY multilevel R-matrix Bayesian code [1]. Dy
resonance parameters and spins from the ENDF/B-VII.1
evaluation [10] were used as the initial parameters in the
energy region between 10 eV to 1 keV The fitting was
performed in order of transmission of natural Dy,
capture yield of Dy isotope, and capture yield of natural
Dy. When no further improvements in the fit were
apparent, and the resonance parameters remained
unchanged relative to the previous iteration, the
parameters were deemed final. The SAMMY code was
then used to calculate capture yield curves based on
these final resonance parameters to compare with the
experimental data from each Dy sample. We also
examined each resonance listed in ENDF/B-VII.1 to
check whether it was observed in the present data. If it
did not look like a resonance peak, we removed the
resonance from the parameter file.

We observed 7, 42, and 22 new resonances not
listed in ENDF/B-VII.1 from *°Dy, **'Dy, and *Dy
isotopes, respectively. Six resonances from *'Dy
isotope, two resonances from **Dy, and four resonances
from **Dy listed in ENDF/B-VII.1 were not observed
because the present measurements did not support their
existence.
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4. Statistical Analysis and Conclusion

The missing level curves of each isotope were
plotted by assuming the level spacing is theoretically a
constant. The average level spacing, Dy, is the inverse of
the slope in the range judged that D, is constant. The Dy
for Dy and **Dy were judged to be constant up to
120.6 and 163.9 eV, respectively. It was assumed that
the D, of Dy and '*Dy is constant up to 1000 eV
because they have few resonances. The results were
compared with the values from Reference 11 as shown
in Figure 1.
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Figure 1.  Staircase plot of level density for

dysprosium isotopes.

Statistical distributions of reduced neutron were
investigated for the three isotopes in the region from 0
to 1000 eV; *'Dy, *?Dy, and ***Dy, but not for %Dy
because of a few number of resonances. The reduced
neutron widths T, were divided by the unweighted
average reduced neutron width < T',>> for each isotope.
A cumulative distribution of these unitless ratios is
compared with the integral of the Porter-Thomas
distribution [12] () distribution with one degree of
freedom). The results agree reasonably with the Porter
Thomas distributions. However, there are more narrow
resonances than expected for **'Dy and '®Dy. These
trends are also shown for ENDF/B-VII.1.
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Figure 2. Cumulative reduced neutron width for the
present measurements and ENDF/B-VII compared to
Porter Thomas distribution.

Neutron strength functions, Sy, were measured for the
two isotopes with the most resonances, *:Dy and '** Dy.
The values are compared with those of ENDF/B-VII.1
and the Atlas of Neutron Resonances [11] in the Table 1.
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The Sy were determined from the resonances within the
energy range which was judged that the level density is
constant. The uncertainties given in Table 1 were
determined by a quadrature sum of the SAMMY-
propagated uncertainties. S, for both **!Dy and **Dy
are larger than those from ENDF/B-VII.1 because most
of resonances in this region are slightly stronger than
suggested by ENDF. Otherwise, the values are smaller
than those from Atlas.

Table 1. Neutron strength function S, for %Dy and % Dy.

Sp of %Dy
[10" x meVY?3]

Sp of 13Dy
[10" x meVY?3]

This work 1.67 £ 0.01 1.88 + 0.02
ENDF/B-VII.1 1.58 1.61
Atlas of Neutron 1.82 4011 19 +02

Resonances
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